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The distribution of amyloid P component (AP) in nor-
mal human skin was investigated by a light and electron 
microscopic immunoperoxidase technique, using anti-
bodies to serum amyloid P component (SAP). AP, or an 
immunologically cross-reactive protein, was found to be 
specifically localized to the microfibrils of papillary ox-
ytalan fibers and to the peripheral microfibrillar mantle 
surrounding the elastin core of mature elastic fibers in 
the reticular dermis; collagen fibers were not stained 
with anti-SAP. AP was not detected in the dermal-epi-
dermal basement membrane or in the basement mem-
branes surrounding dermal papillary blood vessels and 
eccrine structures. These findings, which establish the 
detailed distribution of normal tissue AP in the skin, 
provide a basis for further studies of the function and 
behavior of this protein in health and disease. 
Amyloid P component (AP) is a glycoprotein which is found 
in deposits of all forms of amyloid regardless of the chemical 
composition of the amyloid fibril protein [1-4], and is appar-
ently identical to the normal plasma protein, serum amyloid P 
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component (SAP) [5,6]. SAP closely resembles C-reactive pro-
tein, the classical acute phase reactant, in terms of molecular 
configuration and amino acid sequence [5,7,8] but is otherwise 
unrelated to any known protein. We have recently shown that 
a protein which is immunochemically cross-reactive with SAP 
is an integral constituent of normal human glomerular base-
ment membrane [9,10] and that antibodies to SAP bind im-
munospecifically to elastic fiber microfibrils in normal human 
tissues [4,11]. We now present the results of a survey of the 
cutaneous distribution of this newly recognized normal connec-
tive tissue protein using an immunoperoxidase technique. 
MATERIALS AND METHODS 
Skin biopsies were performed on normal volunteers; informed con-
sent was obtained from each individua l. Blocks of fresh tissue were 
fixed for 10 min at 4°C in freshly prepared 3% w /v paraformaldehyde 
in phosphate-buffered saline (PBS) pH 7.4 conta ining 8.5% w / v sucrose. 
After a 5-hr wash in 2 changes of PBS/sucrose at 4°C, the blocks were 
snap-frozen in n-hexane and carbon dioxide and stored at -70°C. 
Antiserum 
Antihuman SAP antibodies were raised by immunization of sheep 
wi th isolated pW'e human SAP [5] a nd the IgG fraction of the sheep 
FI G 1. Immunoperoxidase staining of 
normal human skin with HRP-allti-SAP . 
Specific staining associated with elastic 
tissue fibers in the papillar'y and reticular' 
dermis (a, c) is inhibi ted completely by 
preabsorption of the reagent with iso-
lated pure SAP (b , d) . a, b, X 64; c, d, 
x 256. 
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FI G 2. Immunoperoxidase staining of 
normal huma n skin with HRP-ant i-SAP. 
Specific linear s taining sUJ"rounds eccrine 
sweat glands and the inner aspect of a 
blood vessel in the reticular dermis (ar · 
rowed ). HF, hair follicle. a, x 84; b, x 
256. 
FIG 3. Immunoperoxidase sta in ing of 
normal human pigmented skin with 
HRP-ant i-SAP. a, Survey micrograph of 
dermal-epiderma l junction zone a nd 
papillary dennis showing specific homo-
geneous staining of thin oxytalan (small 
arrows) and ela unin (large G./.,.ows) fi-
bers cut in longitudina l section. K , kera-
tinocyte containing prominent melano-
somes; BL, basal lamina . Bar = 5 1-1111. b, 
H igher-power view of elaunin fib er 
showing specific staining associated wi th 
elastic fiber microfibrils (MF). Collagen 
fibers (e) are not stained. EL , a mor-
phous elastin. Bar = 0.5 I-U11. 
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antihuman SAP obtained by DEAE-cellulose chromatography was 
conjugated wi th horseradish peroxidase (HRp: type VI; S igma Chem-
ical Co. L td., Surrey, UK) [12]. 
Immun.operoxidase Studies 
Four-micron and 15-JLm cryostat sections from the frozen blocks were 
mounted on gela tin-coated glass slides. Sections were air dried, washed 
in PBS for 15 min a t room temperatUJ"e, a nd incuba ted with optimal 
dilutions of HRP-conjugated sheep antihuman SAP conta ining 1% wi 
v bovine serum a lbumin for 30 min at room temperature. Control 
sections were incubated wi th peroxidase-conjugated anti-SAP which 
had been preabsorbed with isolated pure human SAP. After 3 washes 
in PBS and a fur ther wash in 0.2 M Tris-HCl buffer pH 7.6, the 
peroxidase activi ty of bound conjugate was detected histochemically 
by incubation with 3'3'-diaminobenzidine (BDH Chemicals, Poole, Dor-
set, UK) and hydrogen peroxide in 0.2 M Tris-HCI pH 7.6 [13] for 20 
min. 
Following a fina l wash in PBS, the 4-JLm sections were mounted in 
buffe red glycerol under a coverslip and examined and photographed 
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with the Leitz Orthoplan/ Orthomat system using Kodak ASA 400 film. 
The 15-JLm sections were postfixed in phosphate-buffered osmium 
te troxide [14], washed in distilled water, dehydrated through a lcohols, 
and embedded in TAAB resin. Ultrathin sections were counte rstained 
with uranyl acetate and lead cit rate and were then examined at 60 kV 
in an AEI-801 transmission electron microscope. 
RESULTS 
Light Microscopy 
Direct immunoperoxidase stammg of normal human skin 
with antihuman SAP antibodies produced specific staining of 
elastic tissue fibers in the papillary and reticular dermis seen 
with the light microscope, which was completely inhibited by 
preabsorption of the peroxidase-conjugated antiserum with iso-
lated pW"e SAP (Fig 1). The staining pattern with anti-SAP was 
identical to that obtained with conventional elastic t issue stains. 
Altho~gh thin superficial oxytalan fibers directed perpendicu-
88 BREATHNACH ET AL 
FIC 4. lmmunoperoxidase staining of normal human skin with 
HRP-anti-SAP. a, Specific s tain ing is een as a continuous layer on the 
surface of elastic fibers (EL) in the reticular dermis cut in longitudina l 
and transverse section. Collagen fib ers (e) are n~l stained. Bar = 5 
p. m. b, Transverse section of elastic fiber showing specific staining 
associated with the periphera l microfibrillar mantle (MF) surrounding 
central elastin core (EL) containing in trinsic electron-dense fibril s. Bar 
= 0.5 p.m. 
lady to the dermal-epidermal junction (DEJ) were frequently 
noted in the papillary dermis, linear dermal-epidermal base-
ment membrane zone staining was not observed. Specific linear 
staining was, however, present around eccrine structures and in 
association with · blood vessels in the reticular dermis (Fig 2). 
Electron Microscopy 
Electron microscopic examination of skin sections revealed 
good preservation of the architecture of basal laminar struc-
tures, elasti c fibers, and collagen bundles despite the necessarily 
incomplete tissue fixation achieved in order to retain the anti-
genicity ofAP. Ultrastructural immunoperoxidase staining with 
anti-SAP confirmed specific binding of the reagent to dermal 
elastic tissue fibers which was completely inhibited by preab-
sorption of the anti-SAP with isolated pure SAP. There was no 
staining of the epidermis, basal lamina of the DEJ, or dermal 
collagen fibers. At low power, oxytalan a nd elaunin fibers in the 
papillary dermis running perpendicularly to the DEJ appeared 
homogeneously stained across their width (Fig 3), while s ta ining 
was seen as a continuous layer on the s urface of thicker elastic 
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fibers in the reticular dermis (Fig 4). Higher-power views 
showed that the electron-dense reaction product was located at 
the same site as the elastic fib er microfibrils. Specific linear 
staining surrounding blood vessels and eccrine glands and ducts 
seen with the light microscope was found on ultrastructural 
examination to be associated with elastic tissue fibers, and was 
not present on the lamellae of the basement membranes sur-
rounding these structmes (Fig 5). 
DISCUSSION 
Under the light microscope, dermal elastic t issue is seen to 
be composed of three sets of interconnecting fibers distinguish-
able on the basis of histochemical reactions [15-18]. Large-
diameter mature elastic fibers deep in the reticular dermis 
connect with an intermediate plexus of thinner elaunin fib er s 
running parallel to the DEJ. From this plexus, thin fibers, 
termed variously elastofibrils [16] and oxytalan fibers [19], run 
upwards in the papillary dermis perpendicular to the DEJ and 
terminate in the region of the PAS-positive basement mem-
brane. Ultras tructural studies have shown that mature elastic 
fibers are composed of a central amorphous elastin core sur-
rounded by a peripheral mantle of tubular microfibrils with 
approximate diameter of 10-14 nm, termed elastic fiber micro-
fibrils [20-24], and that oxytalan fibers consist of bundles 
of tubular microfibrils identical to elastic fiber microfibrils 
[18,25,26]. Elaunin fibers possess a central amorphous element 
and are intermediate in character between oxytalan fibers 
and true elastic fibers [18]. Tubular microfibrils of oxytalan 
fibers are inserted directly into the basal lamina of the DEJ 
[17,18,25,26], and have been observed to communicate without 
interruption with the microfibrillar sheath of elastic fibers in 
the reticular dermis by transmission a nd scanning electron 
microscopy [27,28]. The dermal elastic tissue system is there-
fore thought to subserve an important function in anchoring 
t he epidermis to the dermis. 
Immunohistochemical staining with anti-SAP antibodies 
demonstrated clearly that AP, or a closely related molecule, is 
a normal structural component of adult human elastic tissue 
fibers in the dermis. The immunologic specificity of elas tic 
tissue staining was confirmed by the inhibition of staining when 
the anti-SAP antiserum was preabsorbed with isolated pme 
SAP. Fibers corresponding to oxytalan, elaun in, and elastic 
fibers were s tained with anti-SAP, confirming the structural 
unity of the dermal elastic tissue system. Ultrastructural studies 
showed that AP was specifically associated with microfibrils in 
oxytalan, elaunil1., and elastic fibers. Although specific staining 
of oxytalan fibers with anti-SAP was observed to ascend very 
close to but not actually merge with the basal lamina of the 
DEJ, ~t may have been because t he immunoperoxidase method 
used was insufficiently sensitive to localize the small amounts 
of AP associated with microfibrils in this region. AP h as been 
detected in normal glomerular basement membrane but not in 
renal tubular basement membrane [10], and was not found in 
the present study in the bas'ement membrane of the DEJ or of 
those surrounding dermal blood vessels and eccrine structures. 
AP would therefore appear not to be a universal intrinsic 
basement membrane protein. The presence of AP in some but 
not all basement membranes may be a function of its association 
with microfibrillm' proteins, as micro fibrils are found on the 
endothelial aspect of the glomerular basement m embrane [29J 
in the same site as AP has been localized by immunoelectron 
microscopy. 
The structure and calcium-dependent binding properties of 
AP jSAP appear to have been stably conserved through much 
of vertebrate evolution [30-32], suggesting that AP has an 
important function in vivo. It has been proposed that regular 
arrays of AP may represent the basic fram ework on which 
amyloid deposits form [33]. By analogy, it is conceivable that 
AP associated with elastic fiber microfibrils may be involved in 
the deposition of elastin molecules around a microfibrillar scaf-
fold during morphogenesis of the mature elas tic fiber [20-24]. 
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FIG 5. Immunoperoxidase staining of 
norma l human s kin wi th HRP-a nti-SAP. 
a, Section of wall of eccrine duct. S pecific 
staining is present in a linear patte rn 
a round the duct (w"/"owed) and is asso-
ciated with dermal elastic fib ers. N , nu-
clei of cuboida l ce lls. Bar = 5 Mm. b, 
Higher-power view of junct ional zone be-
tween eccrine ducL and dermis. Specific 
staining assoc iated with elastic tissue fi -
bers (EL) is separated from eccrine duct 
basa l la mina by a zone of in tervening 
collagen (e). N, nucleus of cuboidal ce ll. 
B ar = l l-lm . 
Alternatively, the presence of SAP in association with bot h 
amyloid fibrils and elastic fib er microfibrils may r etl ect the 
presence in both these sites of ligands for SAP. The so-called 
,B-turns in polypeptide chains t hat occur in elastin [34] and 
possibly also in amyloid fibril proteins [35] aTe known to selec-
tively coordinate calcium ions, and may consti tu te the liga nd 
for SAP. 
We have r ecently reported selective binding of fibronectin by 
aggregated SAP in vitro [36]. F ibronectin is a constituent of the 
extracellula r matrix of connective t issues, is a major cell surface 
protein, and seems to have important functions in cell-cell a nd 
cell-substratum interactions [37,38]. The agglutination of gel-
atin (denatured collagen)-coated beads by glycosa minoglyca ns 
in the presence of fibronectin has been proposed as a model for 
th e in vivo formation of the extracellular matrix [38]. Fibronec-
tin has been shown in immunofluorescence studies to be con-
centrated in the papillary a nd upper reticular dermis and in a 
linear pattern a long the DEJ in normal human skin [39,40], and 
has been localized to dermal collagen fibe rs a nd the lamina 
lucida of the DEJ of rat skin [41]. An in teraction between 
cellular or tissue fibronectin and AP on elastic fib er microfibrils 
may therefore be of physiologic significance in the organ ization 
of dermal connective tissue and t he maintenance of dermaJ-
epidermal attachment. 
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Immunologic Unresponsiveness Induced by Topical Application of 
Hapten to PUV A-Treated Skin in Guinea Pigs 
TAKESHI HORIo, M.D. AND HIROYUKI OKAMOTO, M,D, 
Department of Derm.atology, Faculty of M edicine, Kyoto University, Kyoto, Japan 
Pretreatment by topical a pplication of 8-methoxypsor-
alen and subsequ ent exposure to long-wave ultraviolet 
light (PUV A) on the induction s ite of contact sensitiza-
tion to dinitrochlorobenzene (DNCB) significantly dimin-
ished the challenge reactions in guinea pigs . A single 
treatment with PUV A in a small area was enough to 
exhibit s u ch an effect. Furthermore, the animals that 
had been first exposed to DNCB throu gh PUV A -treated 
skin failed to become sensitized to the s ubsequent sen-
sitization r egim en of the same hapte n even through pre-
viously untreated skin. The unresponsive n ess in these 
animals was hapten-specific, since the ir capacity to be-
come sensitize d to a n unrelated hapte n, oxas olon, was 
not impaired. The intraperitoneal administration of cy-
clophosphamide at a dose of 200 mg/kg shortly before 
contact sensitization reversed the unrespons iveness in 
tolerant animals. T hese findings suggest that tolerance 
Manuscript received February 2, 1982; accepted for publication May 
26, 1982. 
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in these animals is a specific immunologic unresponsive-
ness mediate d by s uppressor cells. 
Photoimmunology is a new term which means t h e study of 
the effects of nonionizing radiation on normal and abnormal 
immune [unction [1,2]. In the past several years, great progress 
has been made in t his resear ch 'field mainly by experime n ts on 
photocal'cinogenesis a nd recently on contact h ypersensitivity . 
It was found that trinitrophe nyl-conjugated a n tigen-presen ting 
cells from ultraviolet (UV)-irradiated mice lost t h eil' capacity 
to sensit ize effectively and t hat the UV -irradiated a nimals 
immunized with such cells d eveloped an tigen-specific suppres-
sor T cells which [luther decreased hapten-specific hyp ersen-
sitivity responses [3]. More r ecently, Toews, B ergstr esser, a nd 
Streilein have s hown a direct correlation between t h e ability to 
induce con tact hypersensitivity reaction a nd th e number of 
ATPase-positive Langerha ns cells in th e epidermis [4]. In this 
experiment, t hey demonstrated th at a high degree of an t igen-
specific unl'esponsiveness was induced in m ice wh en a ntigen 
was applied thro ugh ta il skin or UV -exposed body wall s kin 
which was d efi cient in L a ngerhans cells . 
U ltraviolet B radia tion « 320 run) a lone a nd th e combination 
of psoralen a nd long-wave UV radiation (PUV A) have been 
used for the treatme nt of various skin disorders with similar 
therapeutic results. However, som e differences in t he effects on 
